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(54) Dispersion Compensating optical transmission line and system 



(57) A dispersion compensating optical transmis- 
sion line (32) comprises a plurality of optical transmis- 
sion fibers (38-1,38-2....) for transmitting signal light at 
least one first dispersion compensator (40-6) disposed 
at a first dispersion compensating cycle for compensat- 
ing an accumulated chromatic dispersion of the signal 
light so that an average chromatic dispersion is equal to 
a first desired value (Davgxz), and a plurality of second 



dispersion compensators (40-1,40-2,...) disposed at a 
second dispersion compensating cycle shorter than the 
first dispersion compensating cycle for compensating 
the accumulated chromatic dispersion of the signal light 
so that an average chromatic dispersion is equal to a 
second desired value (Dlocalxz) which absolute value is 
larger than that of the first desired value. 
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[0009] A nonlinearrty of an optical f toer is generally 
expressed as n 2 /A Qff . The reference symbols n% and A^ 
denote a nonlinear constant and an effective core area 
respectively. The nonlinearity n^A^ of a SCDCF is 
larger than that of a standard single mode optical fiber. 5 
in a conventional system that the dispersion compensa- 
tion fibers 26 are inserted at frequent intervals, the non- 
linear effect, which affects the transmission 
characteristics, becomes larger. In order to perform the 
long haul transmission while balancing the nonlinear w 
effect with the chromatic dispersion value, the chromatic 
dispersion value Davg after the dispersion compensa- 
tion by the dispersion compensation fiber 26, namely 
the chromatic dispersion value of the whole system 
should be set relatively high. is 
[0010] As already mentioned above, because the 
nonlinear effect exists to no small extent in long haul 
transmission such as transoceanic transmission, the 
average chromatic dispersion value Davg of the whole 
system preferably should be a low value other than zero 20 
for balancing the nonlinear effect with the chromatic dis- 
persion value. 

[0011] In the conventional system shown in FIGS. 
2(A) and 2(B), the dispersion-shifted fiber is employed 
as the optical transmission fiber. The chromatic disper- 25 
sion value of the dispersion-shifted ffoer is low at the 1 .5 
jim band and therefore the influence due to the nonline- 
arity becomes relatively too large. To put it concretely, in 
the WDM transmission, owing to the lowness of the 
local chromatic dispersion value at the interval before 30 
the dispersion compensation by the dispersion compen- 
sation fiber 16, each interaction length among the 
respective wavelengths becomes too long causing the 
large influence of cross phase modulation (XPM), which 
makes the stable long haul transmission impossible. 35 
[001 2] On the other hand, when a single mode fiber, 
which chromatic dispersion value is high at the 1.5 pm 
band, is employed as the optical transmission fiber 12, 
each interaction length among the respective wave- 
lengths of the WDM signal light is shortened and thus 40 
the influence of the XPM is also suppressed. However, 
in order to control the accumulated chromatic disper- 
sion value (the absolute value) within a predetermined 
value, the dispersion compensation fibers 14 should be 
inserted at shorter intervals. In other words, the disper- 45 
sion compensating cycle should be shorter and conse- 
quently this configuration becomes more similar to that 
shown in FIG. 3(A). 

[001 3] In the conventional system shown in FIGS. 
3(A) and 3(B), on account of employing the single mode so 
optical fiber, which has the zero dispersion wavelength 
at the 1 .3 urn band, as the optical transmission fiber 24, 
the local chromatic dispersion value becomes high. 
Accordingly, each interaction length among the respec- 
tive wavelengths of the WDM signal light is shortened ss 
and thus the influence of the XPM is also suppressed. 
However, due to the frequent insertion of the dispersion 
compensation fibers 26, the nonlinear effect of the 



whole system grows large. When such a large nonlinear 
effect is balanced with the chromatic dispersion value, 
the chromatic dispersion value Davg after the disper- 
sion compensation becomes excessively high. As a 
result, the large chromatic dispersion value, conversely, 
becomes a problem and makes the transmission char- 
acteristics deteriorated. Specifically, the troubles most 
likely to be occurred are jitter and dispersion endurance. 
These troubles are most serious in long haul transmis- 
sion such as transoceanic transmission. 

SUMMARY OF THE INVENTION 

[0014] An object of the present invention is to pro- 
vide an optical dispersion compensating transmission 
line and system for transmitting WDM signal light stead- 
ily over a long haul. 

[Q015] According to the present invention, at least 
one first dispersion compensator disposed at a first dis- 
persion compensation cycle compensates an accumu- 
lated chromatic dispersion of signal light so that an 
average chromatic dispersion is equal to a first desired 
value and a plurality of second dispersion compensa- 
tors disposed at a second dispersion compensating 
cycle shorter than the first dispersion compensating 
cycle compensate the accumulated chromatic disper- 
sion of the signal light so that an average chromatic dis- 
persion is equal to a second desired value which 
absolute value is larger than that of the first desired 
value. 

[0016] By this configuration, satisfactory transmis- 
sion characteristics can be obtained within the first dis- 
persion compensating cycle as well as the control of the 
chromatic dispersion of the whole transmission system 
can be simplified. 

BRIEF DESCRIPTION OF THE DRAWING 
[0017] 

FIGS. 1(A) and 1(B) show a schematic block dia- 
gram according to a first embodiment of the inven- 
tion and a distance variation of its accumulated 
chromatic dispersion respectively; 

FIGS 2(A) and 2(B) show a schematic block dia- 
gram of a conventional system and a distance vari- 
ation of its accumulated chromatic dispersion 
respectively; 

FIGS 3(A) and 3(B) show a schematic block dia- 
gram of another conventional system and a dis- 
tance variation of its accumulated chromatic 
dispersion respectively; 

FIG. 4 shows a schematic block diagram according 
to a second embodiment of the invention; 



3 



EP 1 035 671 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 10 3973 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search reoort 
The members are as contained in the European Patent Office EOP file on 

The European Patent Office is in no way liable for these particulars which are mereiy given for the purpose of information. 

27-06-2001 



Patent document 
cited in search report 


Publication 
date 


Paterrl family 
members) 


Publication 
data 


EP 0777347 


A 


04-06-1997 


JP 

US 


9162805 A 
5966228 A 


20-06-1997 
12-10-1999 


FR 2761839 


A 


09-10-1998 


JP 
us 


10276172 A 
6181449 B 


13-10-1998 
30-01-2001 


GB 2309131 


A 


16-07-1997 


JP 

FR 
US 


9191290 A 
2743637 A 
5956440 A 


22-07-1997 
18-07-1997 
21-09-1999 


JP 08237222 


A 


13-09-1996 


NONE 






EP 0701340 


A 


13-03-1996 


JP 
US 


8139670 A 
5629795 A 


31-05-1996 
13-05-1997 




For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



7 



EP 1 035 671 A2 



8 



light, to the chromatic dispersion values of the disper- 
sion compensation fibers 40-1-40-5 on the down- 
stream side. By this configuration, when entering the 
dispersion compensation fibers 40-1-40-5, the signal 
light can avoid both sudden decline of its effective core 5 
area and sudden change of its chromatic dispersion 
value. The optical transmission fiber 38-6 disposed 
immediately before the dispersion compensation fiber 
40-6 also should have the same configuration. 
[0026] The WDM signal light output from the optical 10 
transmitter 30 is optically amplified at the optical repeat- 
ing amplifier 36 while propagating on the optical trans- 
mission fiber 38 and dispersion compensation fiber 40, 
and finally enters the optical receiver 34. The dispersion 
compensation fiber 40 compensates the accumulated is 
chromatic dispersion of each wavelength light (wave- 
lengths X1~Xn) as shown in FIG. 1(B). 
[0027] The above configuration makes it possible to 
control the chromatic dispersion value Davg of the 
whole transmission system to be low while keeping the 20 
local chromatic dispersion value high. As a result, in the 
WDM transmission, each interaction length among the 
respective wavelengths can be shortened as well as the 
chromatic dispersions can be easily controlled, and 
consequently the total transmission characteristics are 25 
improved. In other words, the chromatic dispersion is 
balanced with the nonlinear effect from both macro- 
scopic and microscopic views; microscopically, the 
transmission characteristics of the WDM signal light are 
improved by increasing the chromatic dispersion value 30 
and, macroscopically, the dispersion management 
becomes easier by controlling the excessive increase of 
the accumulated chromatic dispersion. 
[0028] The following configuration is also applicable 
that the signal light is given a chromatic dispersion in a 35 
minus direction beforehand and output onto the optical 
transmission line. Accordingly, the signal light receives 
an effect similar to a phase modulation and thus it is not 
necessary to dispose a phase modulator at the optical 
transmitter or a phase modulation degree can be 40 
reduced even if a phase modulator is required. Further- 
more, spectral spreading can be avoided and a channel 
interval can be narrowed. This is especially effective in 
an optical transmission system of long haul or ultra long 
haul such as transoceanic transmission. 45 
[0029] FIG. 4 shows a schematic block diagram 
according to a second embodiment of the invention in 
which signal light receives a chromatic dispersion 
before it outputs onto an optical transmission fine, and 
FIG. 5 shows a schematic diagram of a distance varia- so 
tion of a accumulated chromatic dispersion. 
[0030] Reference numerals 50 and 52 denote an 
optical transmitter and optical receiver respectively, and 
54 denotes, similarly to the optical transmission line 32, 
a dispersion compensating optical transmission line for ss 
compensating an accumulated chromatic dispersion of 
each wavelength with two kinds of dispersion compen- 
sating cycles. 



[0031 3 The optical transmitter 50 comprises a signal 
light generator 56 for generating WDM signal light and a 
dispersion ore-compensating element 58 which gives a 
chromatic dispersion value of a minus direction to the 
output light from the signal light generator 56 and sends 
the signal light to the transmission line 54. Preferably, 
the chromatic dispersion value given to the signal light 
in advance by the dispersion pre-compensating ele- 
ment 58 should be more than half of the accumulated 
chromatic dispersion value of the optical transmission 
line 54. 

[0032] The optical receiver 52 comprises a disper- 
sion post-compensating element 60 for compensating 
the chromatic dispersion remained in the signal light 
propagated on the optical transmission line 54 and a 
signal light detector 62 for detecting a signal in the out- 
put light from the dispersion post-compensating ele- 
ment 60. 

[0033] As explained above, the optical transmission 
line 54 has the same configuration with the optical 
transmission line 32. Namely, the optical transmission 
line 54 comprises optical transmission fibers 64, optical 
repeating amplifiers 66, first dispersion compensation 
fibers 68 inserted at first dispersion compensating 
cycles L1 , and second dispersion compensation fibers 
70 inserted in optical repeating span L2 of the optical 
repeating amplifier 66 within the first dispersion com- 
pensating cycle L1 . 

[0034] As shown in FIG. 5, the first dispersion com- 
pensation fiber 68, similarly to the dispersion compen- 
sation ffoer 40-6, reduces accumulated chromatic 
dispersion values of respective wavelengths A.1~Xn into 
a value equal to the product derived from multiplying the 
Davg by a transmission distance z (Davg x 2). As shown 
in FIG. 5, the second dispersion compensation fiber 70, 
similarly to the dispersion compensation fibers 40- 
1-40-5, compensates accumulated chromatic disper- 
sions (and dispersion slopes) of the respective wave- 
lengths X1-Xn so that each accumulated chromatic 
dispersion of the respective wavelengths X1~An after 
the dispersion compensation varies at an incline of the 
D local according to a distance z in the first dispersion 
compensating cycle L1 . 

[0035] Similarly to the first embodiment, the optical 
transmission fiber 64 comprises for example a single 
mode optical fiber having a zero dispersion wavelength 
at a 1 .3 pm band. It is also applicable that the optical 
transmission fiber 64 in the second dispersion compen- 
sating cycle, specifically in one repeating span, com- 
prises a single mode optical fiber having the zero 
dispersion wavelength at the 1 .3 jim band (e.g. an opti- 
cal fiber of a chromatic dispersion value +1 8 ps/nm/km) 
and a minus dispersion optical fiber or a plus dispersion 
optical fiber with a small dispersion value connected to 
the single mode fiber, and then the minus dispersion 
optical f toers 70 for compensating the dispersion slopes 
and chromatic dispersions are connected to the fiber 
64. It is also preferable to gradually change the chro- 
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such modified optical receiver 62. A wavelength demul- 
tiplexer 72 demultiplexes the signal light from the optical 
transmission line 54 into components of the respective 
wavelengths X1~Xn. The demultiplexed signal fight of 
the respective wavelengths X1-Xn input signal light 5 
detectors 76-1~76-n through dispersion compensators 
74-1~74-n. Each dispersion compensation amount of 
the dispersion compensators 74-1- 74- n is individually 
controlled so that the accumulated chromatic disper- 
sions of the respective wavelengths becomes a prede- 70 
termined constant value. When the accumulated 
chromatic dispersions of the respective wavelengths 
M ~Xn differ one another after the dispersion compen- 
sations by the dispersion compensation fibers 68 and 
70 on the optical transmission line 54. the accumulated 
chromatic dispersions of the respective wavelengths 
can be equalized to a constant value by the dispersion 
compensators 74-1 ~74-n. 

[0044] Explained above is an example in which the 
accumulated chromatic dispersion increases in the plus 
direction. However, obviously, the present invention is 
also applicable to a case that the accumulated chro- 
matic dispersion increases in a minus direction. 
[0045] The dispersion compensator can comprise a 
chirped ftoer grating as well as the above-mentioned 
SCDCF, and moreover can comprises an optical planar 
circuit in addition to the fiber types. 
[0046] In the above, although the embodiment of 
the two-stage dispersion compensation was entirely 
described, a dispersion compensation of a three-stage 
and over also brings equal or even better operation 
advantages. It is preferable that the accumulated chro- 
matic dispersion is compensated to zero on the middle 
point of the optical transmission line. 
[0047] As readily understandable from the afore- 
mentioned description, according to the invention, the 
satisfactory long haul transmission characteristics can 
be realized and at the same time the dispersion control 
becomes easier. Especially, the invention brings excel- 
lent transmission characteristics in WDM transmission. 40 
[0048] While the invention has been described with 
reference to the specific embodiment, it will be apparent 
to those skilled in the art that various changes and mod- 
ifications can be made to the specific embodiment with- 
out departing from the spirit and scope of the invention 4S 
as defined in the claims. 

Claims 

1. A dispersion compensating optical transmission so 
line comprising: 

a plurality of optical transmission fibers for 
transmitting signal light; 

at least one first dispersion compensator dis- ss 4. 
posed at a first dispersion compensating cycle 
for compensating an accumulated chromatic 
dispersion of the signal light so that an average 



chromatic dispersion has a first desired value; 
and 

a plurality of second dispersion compensators 
disposed at a second dispersion compensating 
cycle shorter than the first dispersion compen- 
sating cycle for compensating the accumulated 
chromatic dispersion of the signal light so that 
the average chromatic dispersion has a second 
desired value, the absolute value of which is 
larger than that of the first desired value. 

2. A dispersion compensating optical transmission 
line comprising: 

is a first dispersion compensation interval having 

a first optical transmission fiber for transmitting 
signal light and a first dispersion compensator 
for compensating an accumulated chromatic 
dispersion of the signal light so that an average 
20 chromatic dispersion has a first desired value; 

and 

a plurality of second dispersion compensation 
intervals continuously disposed before the first 
dispersion compensation interval, each of the 
25 second dispersion compensation intervals hav- 

ing a second optical transmission fiber for 
transmitting the signal light and a second dis- 
persion compensator for compensating an 
accumulated chromatic dispersion of the signal 
30 light so that the average chromatic dispersion 

has a second desired value, the absolute value 
of which is larger than that of the first desired 
value. 

35 3. A dispersion compensating optical transmission 
system comprising: 

an optical transmitter for outputting signal light; 
at least one first dispersion compensator dis- 
posed at a first dispersion compensating cycle 
for compensating an accumulated chromatic 
dispersion of the signal light so that an average 
chromatic dispersion has a first desired value; 
a plurality of second dispersion compensators 
disposed at a second dispersion compensating 
cycle shorter than the first dispersion compen- 
sating cycle for compensating an accumulated 
chromatic dispersion of the signal light so that 
the average chromatic dispersion has a second 
desired value, the absolute value of which is 
larger than that of the first desired value; and 
an optical receiver for receiving the signal light 
propagated on the optical transmission fiber. 

The dispersion compensating optical transmission 
line of claim 2 wherein the second transmission 
fiber in the second dispersion compensating inter- 
val comprises a plurality of optical fibers whose 
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